Primate evolution — in and out of Africa  by Moyà-Solà, Salvador et al.
insensitive to NO. A surprising
finding was that MsGC-β3 did not
need to form heterodimers and was
active without co-expression of
additional subunits [6]. If the
C. elegans GCs share this property, it
might explain the lack of α subunits
in C. elegans. The second line of
evidence comes from direct
measurements of GC activity in
homogenates of C. elegans where,
although a basal level of activity was
detected, no NO-stimulated activity
was measured [7]. 
A major question that remains to
be resolved is how these GCs are
activated, but these findings do
provide strong evidence for the
activation of soluble GCs in C. elegans
by a novel, NO-independent
mechanism.
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Primate evolution — in
and out of Africa
Comments from
Salvador Moyà-Solà,
Meike Köhler and David
M. Alba
Stewart and Disotell [1] construct a
scenario for the evolutionary history
of catarrhine primates that they
believe to be “robust about the exact
phylogenetic positions of the
Eurasian hominoid fossils”, and
parsimonious in that it requires a
minimum number of dispersal
events. The authors present a
synthesis of the known molecular
phylogeny of the living species and
parsimony analyses of fossils, and
map the biogeographical locations of
the living and fossil species onto this
phylogeny. Stewart and Disotell
conclude that “the lineage leading to
the living hominoids dispersed out of
Africa about twenty million years
ago, and that the common ancestor of
the living African apes, including
humans, migrated back into Africa
from Eurasia within about the past
ten million years.”
We think that multi-disciplinary
analyses involving data from different
fields such as molecular biology,
biogeography and paleontology are
useful, and even necessary, to reliably
reconstruct the evolutionary history
of a phylogenetic entity, and we
applaud this approach. Nevertheless,
it is a standard procedure in scientific
analyses to verify whether the
hypothesis is consistent with the
known data.
In this case, the proposed
scenario B is not consistent with the
fossil record. In Eurasia, Miocene
faunas are documented from
hundreds of rich localities, and the
first appearances of the different
primate groups are well dated [2,3].
No catarrhine primate is known from
any site older than 16 million years
ago, despite faunal, floral and
sedimentological testimonies of
environmental conditions suitable for
hominoids. The oldest Asian
catarrhine (16.1 million years ago) is
Dionysopithecus, a hominoid without
clear affinities to either hylobatids,
orangutans or African apes [4]. The
oldest European catarrhines, the
non-hominoid pliopithecids and the
primitive hominoid Griphopithecus,
first appeared between 15.5 and
15 million years ago [2]. Thus, an
‘out of Africa’ dispersal of hominoids
at 20 million years ago must be
discarded.
Taking into account the age of
the lesser ape / great ape dichotomy
provided by molecular data as
roughly 18 million years ago, it seems
more reasonable to assume two
dispersals into Eurasia, one of the
hylobatids at about 16 million years
ago and another of the Eurasian great
ape ancestor between 13 and
12 million years ago. In fact, a third
event took place, when Griphopithecus
— a descendant of Kenyapithecus and
probably not related to the younger
Eurasian apes — dispersed into
Eurasia about 15.5 million years ago.
The gap in the African fossil
record between 12 and 6.5 million
years ago does not indicate a putative
extinction of the African hominoid
lineages, but is likely to be an
artifact. Extant hominoids and
almost all fossil hominoids have a
pantropical distribution; fossils from
tropical environments are scarce.
Unlike the large record from
Eurasian localities, the African
Upper Miocene–Lower Pliocene
record is poor, most likely because of
the difficulties of sampling in the
areas where these fossil hominoids
probably lived. Thus, the survival of
one or more hominoid lineages in
Africa during the Upper Miocene is
likely and an African origin of the
African ape and human clade must
be considered.
Given that the well-sampled
Eurasian fossil record is not
consistent with a Eurasian origin of
the lesser and great ape lineages,
scenario B proposed by Stewart and
Disotell must be ruled out, as it
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relies on this premise. We propose
returning to the two alternative
scenarios being discussed by some
paleontologists, which are based on
reliable paleontological data
suggesting an African origin for both
the hylobatids and the extant great
apes. Scenario 1 suggests a branching
of the Eurasian apes with the
orangutan clade and an African origin
for the African ape and human clade
[5–9] (see Figure 1a). Scenario 2
suggests a Eurasian origin for the
African ape ancestor and assumes an
additional ‘back into Africa’
migration [7] (see Figure 1b). Both
scenarios are consistent with the
molecular data but differ in the
selection, interpretation and
evaluation of characters for
reconstructing the phylogenetic
relationships, as well as in the
resulting dispersal patterns of the
fossil apes.
But computer-assisted analyses,
even when based on the
controversial [6,7,10] data-matrix of
Begun et al. [7] reveal that both
phylogenies differ in less than 2%
step length (scenario 1 is only six
steps longer than scenario 2). Thus,
both are considered highly
parsimonious, even by those who
prefer scenario 2 [7]. In searching
for the biogeographic origin of
African apes, however, Stewart and
Disotell ignore scenario 1 and
consider only scenario 2, which
relies on a controversial hominoid
extinction event in Africa and where
the ‘back into Africa’ migration
requires an additional dispersal
event. Scenario 1 — which is
consistent with the fossil record,
acceptable from computer-assisted
cladistic analyses and requires a
minimum number of dispersal
events — is likely to be the most
parsimonious scenario to date. We
wonder why Stewart and Disotell
refused to consider this hypothesis,
which is widely discussed in the
current literature.
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Figure 1
Two scenarios for the evolutionary history of
hominoid primates. Both are consistent with
the fossil record and the molecular data.
(a) Scenario 1 is based on the phylogenetic
hypothesis proposed by Schwartz [8] and
Moyà-Solà and Köhler [5,6]. It is essentially
comparable with hypothesis E of Begun et
al. [7] and with scenario B of Miyamoto and
Young [9] (that is, not significantly worse
than the most parsimonious tree) but differs
in considering Oreopithecus to be sister of
Dryopithecus, as most recent studies
suggest [11,12]. Thus, scenario 1 is
biogeographically more parsimonious than
the former ones, as it requires only two
dispersals instead of three. (b) Scenario 2 is
based on the most-parsimonious phylogeny
of Begun et al. (hypothesis A [7]). Note that
a hominoid dispersal event into Eurasia at
about 20 million years ago, as suggested by
Stewart and Disotell [1], is not considered in
either scenario, as this is not consistent with
the fossil record. The two scenarios differ,
however, in the reconstruction of the
phylogenetic relationships among Eurasian
apes and their links with extant great apes,
as well as in their dispersal patterns.
Scenario 1 relies on two hominoid ‘out of
Africa’ dispersals (not considering
Griphopithecus), first that of the ancestor of
hylobatids at about 16 million years ago and
later that of the ancestor of the Eurasian
apes 13–12 million years ago. All Eurasian
great apes are considered members of the
orangutan clade, whereas the origin of the
African ape and human clade is assumed to
be in Africa. This makes a dispersal event
‘back into Africa’ unnecessary. Scenario 2
relies on three dispersal events, as the
assumption that the splitting into African and
Asian apes has taken place in Eurasia would
require an additional ‘back into Africa’
dispersal of the African lineage. It assumes
the extinction of the middle Miocene African
hominoids and considers the African
hominoid gap a reality and not an artifact. In
scenario 2, the Eurasia–Africa dispersal has
even been suggested to have taken place at
the end of the Miocene [13], but this seems
unreliable, as the presumed European
ancestor of the African clade becomes
extinct at least two million years before this
putative dispersial event. Species found in
Africa are in red and species found in
Eurasia are in black. Extinct genera are in
italics. Black arrows indicate ‘out of Africa’
migration events; red arrow indicates a ‘back
into Africa’ migration event.
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Caro-Beth Stewart* and
Todd R. Disotell† respond:
Our dispersal scenario for the
hominoids [1] — unlike that of
Moyà-Solà and colleagues — is built
upon analysis of known fossils and
not upon arguments concerning
absence of fossils. Indeed, our
suggestion that the early African
hominoids such as Kenyapithecus
went extinct, rather than giving rise
to the living African hominoids, is
the logical inference resulting from
the topology of the most-
parsimonious tree of the living and
fossil hominoids (see Figure 2 in [1]
and Figure 2c below). This
inference is consistent with the well-
known gap in the African hominoid
fossil record between about
12 million years ago (the last
appearance of Kenyapithecus) and
9.5 million years ago (the first
appearance of Samburupithecus), but
this lack of fossil evidence was not
the foundation of our reasoning.
We also take issue with the claim
that the two scenarios presented in
Figure 1a are “widely discussed in
the current literature.” Indeed, these
phylogenetic hypotheses are not
explicitly presented or tested even in
the authors’ cited papers [5,6]. In [5],
for example, the authors merely
present their opinion — without
support from explicit data
analysis — about the phylogenetic
position of Dryopithecus, and do not
include Proconsul, Kenyapithecus or
Oreopithecus in the trees.
Likewise, it is not true that the
three scenarios presented in
Figure 1 have been tested by
“computer-assisted analyses” and
found to be essentially equivalent.
Indeed, neither of the phylogenies
shown in Figure 1a have the same
taxa or topologies as those shown in
‘scenario B’ of [9] or ‘hypothesis E’
of [7]. Although Moyà-Solà and
Köhler [6] did compile 20 characters
for 11 hominoid taxa, only 18 of the
characters were informative for
parsimony analysis, and 4 of the taxa
lacked 5–12 of these informative
characters. Moreover, these 11 taxa
only partially overlap those shown in
Figure 1. Specifically, in the
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Figure 2
Statistical tests of the three phylogenetic
hypotheses presented in Figure 1. In all
trees, the African taxa are shown in red, and
the Eurasian taxa in black; the lineages are
colored in the same manner. Arrows
indicate dispersal events, as discussed
below. The trees were evaluated by
parsimony analysis [15] of the
240 character data set [7], as this matrix
includes characters for Oreopithecus and
Australopithecus, which were omitted from
the data set in [6]. (Neither data set
includes Griphopithecus, as only limited
dental fragments exist for this genus;
therefore, its phylogenetic placement
remains quite tenuous, despite any claims
to the contrary.) The three hypotheses were
compared statistically by Templeton tests
using PAUP* 4.0 [15]. (a) The preferred
hypothesis of Moyà-Solà and colleagues.
This tree makes the Eurasian great apes a
monophyletic clade, and groups
Oreopithecus with Dryopithecus. This tree
requires 424 steps, and is significantly
worse (p < 0.0001) than the
most-parsimonious tree (c). If an African
origin for all of the lineages is assumed, this
tree requires two dispersal events (shown
in Figure 1a) for the species considered,
one on the lineage leading to gibbons and
the other on the lineage leading to the
Eurasian great apes. As illustrated here,
only one additional dispersal event is
required if the ancestral hominoid lineage
dispersed out of Africa prior to the
divergence of gibbons and great apes.
(b) This tree shows the alternative
placement of Oreopithecus suggested by
the dotted line in Figure 1. It requires 414
steps by parsimony, and again is
significantly worse (p = 0.0009) than the
most-parsimonious tree. This tree requires a
minimum of three dispersal events,
regardless of assumptions. (The required
dispersal of Oreopithecus is not shown in
Figure 1a.) (c) This tree requires 389 steps,
and is the most parsimonious one found by
exact searches using PAUP* 4.0 [15]. This
is the hypothesis presented previously [1,7],
except that Afropithecus is omitted here to
be consistent with the trees presented in
Figure 1. This parsimony tree requires only
the two dispersal events shown here to
explain the geographical distribution of the
living and fossil hominoids, even though
three are shown in Figure 1b.
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previous study [6] the authors
included Afropithecus (which they
omit here) but did not include
Griphopithecus, Oreopithecus or
Australopithecus. Such confounding
factors make the authors’ present
numerical comparisons of the
various phylogenetic hypotheses
completely inapplicable.
In Figure 2, we present
appropriate statistical comparisons
between the three phylogenetic
hypotheses presented in Figure 1.
Following Miyamoto and Young [9],
we used PAUP* [15] to infer the
most-parsimonious tree from the
240-character data set [7] and to
compare the trees by statistical tests.
The most-parsimonious tree found
(length = 389 steps) is shown in
Figure 2c; it has the same topology as
‘scenario 2’ shown in Figure 1b. The
tree that places Oreopithecus as a
sister-taxon to Dryopithecus
(Figures 1a and 2a; length = 424),
and therefore hypothesizes a
monophyletic clade of Eurasian great
apes, was ruled out (p < 0.0001).
Likewise, the tree that places
Oreopithecus basal to the great apes
(Figures 1a and 2b; length = 414) was
ruled out (p = 0.0009).
Thus, the most-parsimonious
tree is statistically significantly
better than the two competing
hypotheses presented in Figure 1a.
Logically, this parsimony tree
requires only two dispersal events
for the hominoids: one out of Africa
by a common ancestor of the lesser
and great apes, and one back into
Africa by a common ancestor of the
African apes and humans.
Importantly, all three trees strongly
suggest that the ancestor of the great
apes dispersed from Africa to
Eurasia much earlier than 13 million
years ago, as Sivapithecus fossils date
to this age and several of the
Eurasian ape divergence points
predate the Sivapithecus–Pongo split
on these trees.
So, although it is theoretically
possible that the gibbon and great
ape lineages dispersed out of Africa
separately, the most parsimonious
explanation is that their common
ancestor did so before about
18 million years ago. A lack of known
hominoid-like fossils in Eurasia
dating to this period is irrelevant to
this argument. First, the fact that
hominoid-like fossils have not yet
been discovered in Eurasian fossil
beds from this period does not mean
that the ancestral species did not
exist on this land mass. Second, the
ancestral catarrhine that dispersed
from Africa to Eurasia may have
been more monkey-like than
ape-like in many features, as the
hominoid lineage clearly evolved
from a monkey-like ancestor.
Indeed, recent analyses [14] suggest
that the catarrhine fossil genera
Dionysopithecus and Platodontopithecus
are actually pliopithecids that had
arrived in China by about 18 million
years ago, having dispersed out of
Africa during a major
intercontinental faunal exchange that
occurred about 18–22 million years
ago. We would like to make the
heterodox suggestion that these
Asian catarrhines may represent the
elusive common ancestors of the
living apes. Testing such hypotheses
will require phylogenetic and
statistical analyses of the fossils from
early catarrhines.
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